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(57) Abstract 




A unitized multilayer dry reagent analytical chemistry test structure and device and method of fabricating such device is 
described. The device (10) includes two or more contiguous layers of absorbent or porous paper or polymeric material (14 and 
16), at least one of which is incorporated with a test reagent composition, the layers attached to each other with an intermediate 
porous attachment layer (15). When the device is contacted with the fluid being tested, the attachment layer allows the free flow of 
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MULTILAYER TEST DEVICE MATRIX STRUCTURE 
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FIELD OF THE INVENTION 

The present invention relates to unitized multilayer 
dry reagent test device structures and to the methods and 
materials associated with the fabrication thereof. 

BACKGROUND OF THE INVENTION 



The science of analytical chemistry and particularly 
simple to use dry reagent test devices using analytical 

15 chemistry principles has made dramatic progress over the 
past several decades. At one time such devices simply 
comprised a piece of filter paper impregnated with the 
dried residue of a pH indicator or a relatively simple 
test reagent composition. Devices such as these usually 

20 gave an indication of the presence or absence of a 
substance or a gross condition of the fluid being 
analyzed , such as, for example, the use of litmus paper 
to determine if the fluid is acidic or basic. Now such 
devices are much more complex in structure and 

25 composition and can give answers which are as precise, 

specific and sensitive as those obtained using laboratory 
procedures and conditions. Moreover, such devices can 
quite often be used without accompanying instrumentation 
which permit their use in the field or "on-site" to give 

30 nearly instant answers. This obviously eliminates the 
need for preserving sample integrity, simplifies record 
keeping and allows the user to take rapid corrective 
measures . 



35 



Dry reagent test devices commonly consist of a 
bibulous or porous paper or polymeric matrix 
incorporating a reagent composition which reacts with the 
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matrix of the SERIM device is more often than not a 
combination or mixture of chemicals, biochemicals or 
immunochemicals. The more sophisticated and complicated 
the reagent system, the more difficult it is to 
5 incorporate into the absorbent pad. For ease of 

formulating and manufacturing, the ideal dry reagent test 
device comprises a relatively simple chemical mixture 
incorporated into a single absorbent pad or matrix. When 
reagent incompatibility is encountered, it is common 
10 practice to attempt separation of the various components 
either chemically or physically. One means commonly 
utilized is to separate the various components in a 
single matrix using selective solvent impregnation 
techniques . Another means is to encapsulate one reagent 
15 so that it will not react with the others present in the 
system until it comes in contact with the fluid being 
tested. 

More recently, it has become the practice of reagent 
strip or SERIM device formulating scientists to separate 
the reagents using multilayer reagent strip devices in 
which the various components are retained in separate 
layers of the matrix until the test device is utilized. 
Such multilayer devices have several advantages. In 
addition to accomplishing the separation of reagents for 
stability purposes, such matrices can be utilized to 
pretreat or concentrate the analyte or fluid being tested 
or to remove or complex an undesirable component or 
constituent in the sample fluid. It is common practice 
in the reagent strip art to utilize multilayer matrices; 
however, such matrices must meet the rather strict 
requirement that the layers be uniformly bound to each 
other and that fluid must flow evenly and freely 
throughout the device. In this regard, to date, most 
commercial multilayer test devices utilize a series of 
gel layers such as in film type devices wherein the 
layers are constructed by pouring one layer on top of the 
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soluble adhesive such as cellulose acetate. Finally, 
United States Patent No. 4,446,232 discloses a multilayer 
device in which the several layers are held together by 
using latex cement at the perimeter of the sandwich. 

5 

In all of the above means of attaching layers, the 
problem almost invariably arises concerning the degree to 
which the method is effective in intimately joining the 
layers or if it is effective, the degree to which the 
10 flow of fluid between the layers is impaired. 

SUMMARY OF THE INVENTION 

In the present invention, a method of attaching or 

15 joining layers of matrix is disclosed which is simple and 
extremely effective. This method of fabrication and the 
resulting matrix structure basically utilize a multilayer 
test device consisting of two or more layers of porous 
paper or polymeric materials or a combination thereof 

20 which are attached to one another in a contiguous face to 
face or end to end relationship using an intermediate 
attachment layer which forms an interface area between 
each of the matrices and permits the free flow of fluids 
from one matrix layer to the next. The resulting device 

25 may in its simplest configuration comprise an absorbent 
layer joined by means of an attachment layer. Each 
reagent impregnated layer is usually separately 
incorporated with reagent and dried prior to assembly. 
The intermediate attachment layer consists of a preformed 

30 fibrous material which is amenable to lamination with the 
paper or polymeric sheet materials and yet retains its 
basic porous properties. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

Figure 1 is a exploded perspective view of a simple 
reagent strip device showing the basic configuration of 
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which is impregnated or incorporated with a reagent, in a 
face to face relationship such that when the structure is 
contacted with the sample, the fluid may enter and flow 
freely between such matrices. 

5 

The attachment layer and the utilization thereof in 
the fabrication of test devices is the main point of 
novelty of the present invention. Basically, this 
attachment layer material comprises an inert fibrous 

10 woven or nonwoven sheet material of substantial porosity 
which is amenable to attachment to paper or polymeric 
materials such that the paper or polymeric materials 
become intimately bound to each other and yet does not 
form a barrier to the free flow of fluids or chemical 

15 substances. Preferably, the attachment layer is a 

resilient fusible thermoplastic sheet material having 
"pores" of about from 0.05 mm to 1.0 mm. A "pore" is 
defined as the average distance between filaments. Since 
the attachment layers of the present invention can be and 

20 preferably are non-woven fabric-like materials, the pores 
are usually irregular in appearance and are based on 
random filament placement. Exemplary of the materials 
that can be used in the present structure are the VILEDON 
nonwoven thermoplastic materials made of nylon or 

25 polyester materials. Such products have a thickness of 
about from 0.2 to 0.6 mm, a filament diameter of about 
from 0.04 to 0.06 mm, and weight about from 20 to 80 
grams per square meter. Obviously, depending oh the 
application, other plastic and adhesive-like materials 

30 may be used so long as the porosity and the lamination 
characteristics are acceptable. Other thermoplastic 
materials such as polycarbonates, polyethylenes , 
polyolefins and PVCs can likewise be used. 

35 Usual materials and preparation techniques are 

employed to prepare the test reagents and the matrices 
therefor prior to and after lamination of the multilayer 
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system 13 consisting of a first absorbent matrix 14 and a 
second absorbent matrix 16 attached to each other in a 
face to face relationship using a nonwoven thermoplastic 
attachment layer 15- Either or both of the matrices 14 
5 and 16 may be impregnated with the dried residue of a 
test reagent composition specific for the analyte under 
consideration. In this embodiment, the matrices 14 and 
16 are individually impregnated with the reagent 
composition and then attached to each other using the 
10 attachment layer 15 and then affixed to the handle 11 
using the adhesive tape 12. 

Figure 2 shows a front view of a SERIM type test 
device 20 wherein a multilayer strip of reagent 

15 impregnated paper matrix 23 is laminated between two 
sheets of transparent plastic 22 (the back sheet not 
shown), the face portion of the front sheet being printed 
with marking lines 26 and a numerical scale 27 for ease 
of reading the extent of reaction in the matrix 23. The 

20 upper end of the matrix 23 is covered with a signal 

string 24 which is likewise laminated between the plastic 
sheets 22 but exposed to the atmosphere at opening 28. 
The lower end of the matrix 23 is likewise exposed to the 
atmosphere at opening 25 such that when the device 20 is 

25 immersed in the fluid being tested, such fluid enters the 
opening and wicks up the matrix by capillary action. 

Figure 3 is an enlarged partial sectional view of 
the SERIM type test device 30 wherein the multilayer 

30 strip matrix 36 extends the entire length of the device 
and fluid travelling in the device essentially flows 
simultaneously through both of the matrices 33 and 34 
held between layers of plastic 31 and 32. The multilayer 
strip is constructed by attaching the preprepared 

35 matrices 33 and 34 together by means of attachment layer 
35 (interface area) and subsequently laminating the 
multilayer devices between the sheet of plastic 31 and 
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A second sheet of filter paper was dipped into this 
solution and dried at 100° C. for 10 minutes. 



The first and second sheets of reagent impregnated 
5 paper as prepared above were cut into strips and attached 
one to the other in a face to face relationship by using 
an attachment layer consisting of Freudenberg VILEDON 
fusible web material which is a porous nylon nonwoven 
filament web material weighing 20 grams per square meter 

10 and having a thickness of .008 in. The lamination took 
place at 150°C. and utilized pressure rolls to create 
intimate contact of the matrices to the attachment layer 
and to each other. The resultant multilayer matrix 
structure was cut into 1/5 in. squares and attached to 

15 clear plastic handles using double faced adhesive tape. 

The resultant reagent strips were stable and reacted 
to give varying shades of purple depending on the 
concentration of ketone in urine. 



20 



Rvampl p 7 - Tgst for Formaldehyde in Water 



Background: Formaldehyde is used extensively as a 
25 chemical sterilant; however, this compound is considered 
a carcinogen and must be carefully monitored. The 
following test can be used to detect low levels of this 
toxic chemical. 



30 A device similar in structure to the one described 

above in Example 1 was prepared, except that the top 
matrix was preprepared by impregnating a piece of filter 
paper with a 0.1% solution of oxalyldihydrazide and 
0.067 M sodium phosphate, pH 6 . 8 and the bottom matrix 

35 prepared with 1 mM copper sulfate. When assembled as 
described above in Example 1 and dipped into a solution 
of 10 ppm formaldehyde, the test device turned a light 
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